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TALAMPAYA BASIN 


In the preceding article in this series an account was given of 
the joint La Plata-Harvard expedition of 1964-65 and the dis- 
covery during its course of an excellent fauna of Triassic reptiles 
in the region of the Chanares and Gualo rivers in La Rioja 
Province. The present paper is intended to give a rough outline 
of the geology of the collecting area so that the fossil horizon 
ean be placed in its proper setting. Since our expedition was 
aimed solely at fossil collecting, proper instruments for geologic 
work were not part of our equipment, and mapping of the area 
was done by one of us (J.A.J.) with the aid of such instru- 
ments as could be improvised. Our map is thus provisional 
in nature; it is our hope that Argentinian geologists may make 
more definitive studies in this portion of an extremely interesting 
sedimentary basin. 

Our area of concern is part of a basin of late Paleozoic and 
Mesozoic continental sediments located mainly in western La 
Rioja Province south of Villa Union. No name has been applied 
to this region; we shall here term it the Talampaya Basin, be- 
eause of the central position in it of the Campo de Talampaya.! 
Its boundaries, as regards presumed Triassic elements, at least, 
are outlined by Frenguelli in figure 1 of his 1948 discussion of 
the Argentinian ‘‘Rhaetic.’’ ‘To the east, the basin 1s bordered 
by the north-south range of the Sierra de Sanogasta, a southern 


1Frenguelli (1948) speaks of the ‘“Cuenea de Ischigualasto-Ischichuca,” but 
this properly applies only to the southwestern portion of the basin. 
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continuation of the Nevada de Famatina, and by this sierra’s 
southern terminations, such as the Sierra de Vilgo and the Sierra 
de Cerro Blanco; to the west, its boundary is the Rio Bermejo, 
east of which the beds of the basin are sharply down-tilted, and 
to the north, its tributary, the Rio Guandacol (or de la Troya). 
The sediments of the basin extend northward to the Villa Unién 
region. 'l’o the south, the basin narrows in the region of the little 
settlement of Los Baldecitos, where the southwestern-trending 
Sierra de Cerro Blanco approaches the Sierra de Valle Fertil, 
but (although the situation is obscured by a covering of Recent 
deposits) the sediments of the basin appear to be more or less in 
continuity with other late Paleozoie and Triassic beds extending 
eastward toward Paganzo and Patquia and possibly southward 
toward Valle Fertil in San Juan Province. Very probably, be- 
fore the diastrophic movements which resulted in the rising of 
the Sierra de Sanogasta and the down-thrustinge east of the 
Bermejo, the basin may have been of much greater extent, run- 
ning from the Patquia district on the east to the Huaco region 
in San Juan Provinee to the west. The central portion of the 
basin is a nearly flat plain covered by Pleistocene sediments and 
Recent sands. The northern portion of this plain is drained by 
the Rio Vinehina which at the south breaks through the hills at 
the west of the basin and joins the Rio de la Troya (or Rio 
Guandacol) to form the Rio Bermejo. The barren Campo de 
Talampaya occupies most of the southern part of this plain. Its 
main drainage is the northward-flowing Rio del Alto (or Arroyo 
Manero), with main tributaries from the east, in north-south 
sequence, including the Pagancillo, Medanos, Talampaya, 
Chanares, and Gualo rivers. Along the western margin of the 
basin extends a broken range of north-south hills which are 
essentially a sedimentary northward continuation of the Sierra 
de Valle Fertil, including the long Sierra Morada, Cerro Rajado, 
Cerro Bola, and Cerro Villa Unién; contained in the first of 
these is the depression of the Cuenea de Ischigualasto. On the 
east, the northern part of the plain is separated by well-devel- 
oped foothills from the main Sierra de Sanogasta. East of the 
village of Paganeillo is the Loma de los Loros, composed of 
Tertiary deposits (de Alba, 1954, pp. 54-56), farther south the 
striking Sierra de los Tarjados, formed by Permo-Triassie sedi- 
ments. South of the region of the Rio Talampaya, the west flank 
of the Sierra de Safogasta descends abruptly (due, presumably, 
to major faulting [Fidalgo, 1963]) to a sand-covered plain, 
averaging 10 to 15 kilometers in breadth, which slopes gently 
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westward toward the Campo de Talampaya. But for the last few 
kilometers before the campo is reached, erosion in the valleys 
of the Chanares and Gualo rivers. which drain this area, has in 
ereat measure removed the alluvial covering and developed a 
north-south series of foothills in which a considerable series of 
Permian and Triassic sediments is exposed. 

Tt is this last mentioned area in which our fossil finds were 
made and with which the present paper is concerned. Figure 1 
is a sketch of a portion of La Rioja and San Juan provinees to 
indicate the position of the small area covered by our geologic 
map. 

We have in the first number of this series expressed our thanks 
to the numerous Argentinian geologists who aided our expedi- 
tion by furnishing us with geological information and advice. 
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Fig. 1. Sketch map of parts of La Rioja and San Juan provinces, to 
show the position of the area studied. Rivers and principal roads indi- 
cated; provincial boundary in broken line. Seale approximately 1/1,200,000. 
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During the preparation of the present paper we have further 
eorresponded, to our advantage, with Dr. Pedro N. Stipanicie of 
the Comisién Nacional de Energia Atomiea, Dr. Hector F. de la 
Mota of the Yacimientos Petroliferos Fiseales, and Dr. Francisco 
TFidalgo of the Instituto Nacional de Geologia y Mineria. 

In the entire area of the sedimentary basin described above, 
the population is small, due to great aridity (the average rainfall 
is about 2 inches [5 em] per annum) ; railroads are entirely lack- 
ing, and roads few. Irrigation from the Rio Vinechina has per- 
mitted the growth of population to about 3500 in the Villa 
Union region; the water of the Rio Paganeillo has allowed the 
development of a village of that name. But from Pagancillo 
southward some 90 kilometers to the little settlement of Los 
Baldecitos — an area of perhaps 5000 square kilometers — not a 
single inhabitant, not even a goat-herder, is to be found. At 
the north, Villa Unidn is connected by national roads with Guan- 
dacol to the west, and, to the east, with Chilecito via Puerto 
Alegre and the Cuesta de Miranda; Pagancillo has road connec- 
tions with both Villa Unién and Puerto Alegre. Until recently, 
almost no roads of any sort were present in the remainder of the 
basin; travel and exploration were exceedingly difficult, not 
merely because of the absence of highways, but also because of 
the nearly complete absence of fodder and water for the mules 
which formed the main means of transport.' A few years ago, 
however, a well-graded road, aimed to become eventually an in- 
ternational highway to Chile, was built from the railway junction 
of Patquia westward to Baldecitos, and thence north along the 
Campo de Talampaya to Paganeillo. From this highway (at 
kilometer post 100) a track has been worked out westward by 
Dr. Ramon de la Vega, via the Ischigualasto Valley, to the Los 
Rastros coal mine; at kilometer post 116 a track, traveled by 
ovcasional miners, runs eastward and northward along the plain 
at the foot of the Sierra de Safiogasta. In general, the sandy 
‘‘river’’ channels, dry except after rare rainy-season showers, 
can be readily traveled by motors with four-wheel traction. 

As said above, the presence here of a great basin of late 
Paleozoic and Mesozoic sediments was early recognized. Some 
early observations were made by Stelzner (1885), who traversed 


1Note Bodenbender’s emphatie (and italicized) warning (1911, p. 96): 
“VOTA—A los futuros exrplorades hago presente que no se puede contar — 
ercepto anos de mucha lucia —con sufficiente pasto para los animales,” ete. 
There is, however, a mule track, of considerable antiquity and still used, from 
Jachal to Patquia, which crosses the Rie Bermejo at Paso Ferreyro, traverses the 
Ischigualasto Valley, and continues on to the southeast. 
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the area in 1873, and later by Bodenbender, as noted in his pub- 
lications of 1896, 1897, and 1902. The first published work of 
importance, however, was that of Bodenbender in 1911, in which 
he gave a general survey of the geology of southern La Rioja 
Provinee and adjacent regions of San Juan. It is to Boden- 
bender that we owe the invention of the term ‘‘Paganzo,’’ com- 
monly used by later writers in variable and often confusing 
fashion. Groeber in 1940 summarized what was then known of 
this region. De la Mota has done much valuable work, unfortu- 
nately unpublished, in various portions of the Talampaya Basin; 
Rigal, Harrington, and Ramaccioni have also worked here, but 
have not published; Fidalgo is currently studying the eastern 
portion as part of a survey of the geological Hoja Catizaco 
(which ineludes as well the Sierra de Sanogasta and territory to 
the east of it). The sediments of the most northerly part of the 
basin are described in de Alba’s bulletin (1954) on the Villa 
Unién sheet of the geological map of Argentina. Heim published 
on coal deposits in this area in 1946 and 1947, and in his 1949 
studies of the Los Rastros coal in the western part of the basin, 
contributed valuable observations on that area from his own 
observations. and to some degree from those of Ramaccioni. 
Most important are Frenguelli’s studies of the area (1944a, b, ¢, 
1945, and especially 1948), in which he appears to have relied 
ereatly on the work of de la Mota and Ramaccioni. An excellent 
resumé of this work, as regards the Triassic beds, is given by 
Groeber and Stipanicie (1953). Recently Dr. Apolo Ortiz of the 
Y.P.F’. has made important investigations, as vet unpublished, 
in the southwestern part of the basin. The greater part of pre- 
vious studies has dealt with the western portions of the basin, 
west of the Campo de Talampaya; little study has been made of 
the eastern section. with which we are here concerned. 

The general topographic features of the region of present in- 
terest are shown on the accompanying geological map. This is 
an area running for about 25 kilometers along the eastern border 
of the campo from the mouth of the Rio Talampaya on the 
north to a point somewhat south of the Rio Gualo. It extends 
eastward from the campo to the point, averaging about 10 
kilometers, where the Permo-Trias beds become covered by the 
superficial deposits of a plain whieh slopes up eastward to the 
foot of the high mountains. At the northern end of the region 
studied, the Rio Talampaya, which drains a considerable area of 
the sierra and its foothills, emerges south of the Sierra de los 
Tarjados onto the campo through a spectacular high-walled 
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canyon, the Puerta de Talampaya. For some kilometers to the 
south of the river there is an elevated barren plain, with con- 
spicuous exposures of red sandstones and with a series of parallel 
channels running northward to the Rio Talampaya. South of 
this plain is the Rio Chanares drainage, of which the lower part 
is notable for a considerable development of sand dunes which 
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obscure the underlying formations. .A major southern branch 
of the river rises well to the east toward the sierra; in the region 
studied there are numerous small branches which gather into 
north and south forks, the two uniting a short distance east of 
the entrance of the river into the plain. The main branch of the 
Rio Gualo arises at the western borders of the sierra, runs south- 
westward across the alluvial plain and, entering the region 
studied, flows along the northern margins of a flat, sandecovered 
plain, which we shall term the Plano del Gualo. Here it receives 
several short tributaries. One from the northeast has along its 
course the only perennial spring of any note in the region; a 
neighboring jill of red sandstone which serves as a landmark for 
the spring is the Mogote del Gualo. At the west border of the 
Plano del Gualo the river breaks through the sandstone cliffs 
which nearly surround this plain to enter a narrow north-south 
valley, bounded on the west by a ridge of red sandstone. This 
ridge is broken half-way along its leneth, and maps show the 
Gualo as turnine westward through this gap. It may have done 
so at one time; currently, however, it follows the valley north- 
ward to the end of the sandstone ridge before debouching onto 
the plain only a short distance south of the Rio Chanares. 

Near the southwestern border of the Plano del Gualo is a 
prominent peak of voleanic rock, the Mogote de Agua Escondida. 
Arising in this region is a stream whose channel may be termed 
the Arroyo de Agua Escondida. This runs nearly directly west- 
ward out into the campo, and carves a deep channel along its 
course. It is of geological importance, since its walls show an 
almost complete section through all the formations present in 
the region studied. 

The whole area is considerably faulted; only a few of the 
faults seen during our preliminary studies are shown on the 
map. In general, the beds in the north and east portions are 
relatively horizontal; to the west and south, dips in that direc- 
tion become, on the average, increasingly steep until (in the 
region of the canyon of the Arroyo de Agua Escondida, as seen 
in Figure 2) the highest beds of the series are vertically placed 
and even somewhat overturned. 


EL CHACHO FORMATION 


Of the three suecessive stages into which Bodenbender divided 
his ‘‘Paganzo’’ series, the second, ‘‘Paganzo II,’’ was apphed 
to strata of presumably Permian age and, more especially, to a 
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series of red sandstones widespread in La Rioja Province — 
prominent, for example, from Patquia northward to Los Colo- 
rados station on the Chilecito railroad branch. Frenguelli (1946, 
p. 31d, etc.) called these redbeds the Estratos de Patquia; I 
understand that Dr. Fidalgo plans to term them the El Chacho 
Formation — appropriately so, since the well-known cave, north 
of Patquia, where this war chieftain of the last century made his 
headquarters, is formed in this red sandstone series. There is 
no adequate fossil evidence to date these El Chacho beds, but 
there is no reason to doubt their Permian age. El Chacho red- 
beds are widespread in the Sierra de Sanogasta; some have been 
earried by diastrophism to high elevations in the range. West of 
the Sierra de Sanogasta, El Chacho redbeds are abundantly rep- 
resented along the western slopes in the region of the Cuesta de 
Miranda and Puerto Alegre (cde Alba, 1954), and are also pres- 
ent, in the northwestern portions of the basin, in Cerro Villa 
Unién and Cerro Guandacol. But on the east side of the basin, 
from the Rio 'Talampaya southward, major faulting, as Fidalgo 
(1963) notes, appears to have been responsible for a steep west- 
ern face of the Sanogasta range and absence of foothills of El- 
Chacho type. In consequence, these redbeds are not exposed in 
the area here studied, although they would presumably be en- 
countered sub-surface. 


TALAMPAYA FORMATION 


Lowest of beds present in the area studied are those which we 
here term the Talampaya Formation—the name being given 
because of their extensive exposure in the valley of the Rio 
Talampaya. The beds consist of rather uniform, pale reddish 
bufi, sandy sediments, generally fine grained and finely bedded. 
Occasionally present, in seemingly random fashion, are cobbles, 
generally smoothly rounded, of crystalline material. In the Tio 
Talampaya region they have a maximum size of about 80 imilh- 
meters; to the south, near the Agua Escondida, they are more 
numerous and larger, attaining a maximum of 30 centimeters in 
diameter. 

The lower portion of the formation as exposed includes a 
eyclic repetition of soft and more resistant layers; in the upper 
175 to 200 meters there are no resistant elements. Where the 
formation is broadly exposed at the surface, it weathers to give 
gently rounded to subangular profiles. Where, however, the 
upper beds are covered by the resistant basal conglomerate of 
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the overlying Tarjados Formation, the results are striking; the 
soft nature of the Talampaya beds results in the formation of 
sheer, vertical, fluted cliffs, the outlines of which follow pre- 
cisely those of the overlying conglomerate. Such cliffs form 
much of the margin of the Sierra de los Tarjados north of the 
Rio Talampaya; for several kilometers in the lower course of 
that river sheer cliffs of this sort, approximately 180-200 meters 
high, form the spectacular Puerta de Talampaya. 

Presumably the Talampaya Formation succeeds the typical 
redbeds of ‘‘Paganzo II’’ in the Permo-Triassie sequence of 
the basin, but nowhere in the area visited by us is a normal 
contact between the two visible. The only contact seen during 
our exploration was that of about 1 kilometer along a normal 
fault, in alignment with the general fault svstem of the mapped 
area, but about 10 kilometers north of the upper boundary of 
the mapped area. Because of lack of knowledge of the base of 
the formation, its total thickness is unknown, but may be esti- 
mated to be at least 400 meters. 

The Talampaya Formation is extensively exposed, as men- 
tioned, in the valley of the Rio Talampaya to the northeast of 
the mapped area and along the flanks of the Sierra de los Tar- 
jados. West of the Puerta de Talampaya, a strip of exposure 
of the formation extends southward toward the Rio Chanares 
for several kilometers along the base of cliffs formed by the Tar- 
jados Formation. Apart from this, the Talampaya Formation is 
covered by younger beds over most of our region. To the south, 
however, southwest of the Plano del Gualo, it is present at the 
surface over a considerable area. 

It is obvious that the Talampaya Formation is part of the 
eomplex of beds included by Bodenbender in his Paganzo system. 
It does not, however, correspond closely to any specifie beds 
described by him in 1911. Possibly these strata may correspond 
to the fine, heht brown, cross-bedded sandstones which I-urque 
(1963) describes, in the Guandacol region, as part of the Ojo de 
Agua Formation, above the red sandstones which he considers 
equivalent to Bodenbender’s ‘*Paganzo IT.’’ Again, these beds 
may (cf. Turner, 1960) be equivalent to the Iutites and marls 
which Bodenbender (1916) considers to be the basal portion of 
his ‘‘ Estratos Famatinenses.’’ Stipanicic (in litteris) suggests 
that the Talampaya, as well as the overlying Tarjados Forma- 
tion, can be considered as part of ‘‘Paganzo III’’ or ‘‘ Famati- 


SAP 


nense.’’ It is possible that this set of beds may be comparable 
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to the ‘‘areniseas bandeadas’’ which de la Mota, in his unpub- 
lished thesis, includes as part of the third element (above a 
‘*Paganzo II’’ equivalent) in the series of beds described by him 
at Cerro Bola (the remainder of this set of beds inelude erup- 
tives and porphyritic conglomerates). 


TARJADOS FORMATION 


Above the Talampaya Formation le sandstones, of a coarse 
and resistant nature, which at the Arroyo de Agua Escondida 
have a thickness of about 385 meters. The name here given them 
is due to the fact that the lower part of these beds forms a broad 
covering over the Sierra de los Tarjados to the north of the 
area studied. South of the Rio Talampaya, the Tarjados Forma- 
tion is broadly exposed at the surface, covering perhaps halt of 
the mapped area. In the southern part of the area there is gen- 
erally a sharp division of the formation into lower and upper 
members, the lower mainly of red-colored sandstones, the upper 
predominantly white. However, the contrast between the two 
members is not so evident to the north. The lower, red member 
has a thickness of 130 meters in the measured section along the 
Arroyo de Agua Eseondida. Throughout the area there is a 
basal conglomerate of variable thickness, but with a maximum 
of 2 to 3 meters, which lies unconformably above the Talampaya 
Formation. In the measured section there follow 10 meters of 
bright red, ecross-bedded sandstone, then 35 meters of dull, red- 
dish brown shale; this in turn is followed by 85 meters of bright 
red cross-bedded sandstones very similar to the basal seetion. 
Transitional here to the upper division, there are 4 meters of 
variegated sandstone, a thin limey nodular zone, and a further 
thin layer of sand and clay pebbles; above this are about 118 
meters of sandstones, which are, for the most part, white in color. 
Cliffs of this upper division form much of the boundary of the 
Plano del Gualo; scraps of skull and posteranial materials, prob- 
ably of a dicynodont, were found here in the transitional beds at 
two localities: A kilometer or so north of the boundary of the 
Plano del Gualo, a west-flowing northern tributary of the Rio 
Gualo has excavated a deep canyon in the massive white sand- 
stones of the upper division. 

In the region of drainage into the Rio Talampaya, at the 
north of the mapped area, the Tarjados beds are predominantly 
red in color. Here the lower sediments, above the basal con- 
olomerate, are a dull red sandstone, 40 to 45 meters thick, with 
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alternate soft and resistant zones. They are overlain by 80 
meters or so of bright ochre-red sandstones with almost no re- 
sistant strata. These erode in spectacular fashion to form fluted 
eliff faces, similar to the folds in a heavy drape. The appearance 
of these ¢liffs, apart from the difference in color, is similar to 
that of the clitfs of the underlying Talampaya Formation. 

Whenever the entire thickness of the Tarjados surface is pre- 
served, it is seen to terminate above in an uneven, undulating 
surface of hard, resistant materials containing a considerable 
quantity of chert, suggesting that this layer, typically about a 
half meter thick, results from some type of hydrothermal activ- 
ity. This surface is frequently seen to be penetrated from above 
by small silica-filled tubules, averaging 2.5 centimeters in diame- 
ter, with a maximum of 5 centimeters, and penetrating to a 
depth as great as 3 meters. Their appearance suggests that we 
are dealing with root systems of plants which grew on the un- 
eroded surface of the Tarjados before the beginning of the 
deposition of the overlying Chanares beds. 

Bodenbender’s ** Paganzo [ITI’’ was none too clearly defined by 
him, and, further, he appears to have been uncertain whether or 
not his *‘ Famatinense’” (Bodenbender, 1916) is an equivalent of 
‘“Paganzo III’’ (ef. Bodenbender, 1924; Turner, 1960). At all 
events, it seems probable that his intent was to apply the term 

-aganzo LIT’ primarily to beds of red sandstones lying above 
‘“Paeanzo II’’ and below his ‘‘Rhaetic.’’ It thus seems certain 
that the sandstones here named the Talampaya Tormation are 
in the eategory of formations which he would term ‘‘ Paganzo 
IIl.’’ Stipanicic (i litteris) confirms our belief in this regard. 

Below the ‘‘carboniferous’’ beds in the Ischigualasto region, 
which were termed Los Rastros and Ischichueca by Frenguelli 
and Heim, lie a series of red sandstones which are as yet im- 
perfectly studied. Frenguelli (1948) considered them to be 
‘‘Paganzo II,’’ his Patquia Formation; Heim (1949) believes 
them to include both ‘‘Paganzo JI’’ and ‘‘Paganzo III.’’ I un- 
derstand that Dr. Ortiz considers these beds to belong entirely to 
‘“Paganzo. I1T,’’ sand that **Paganzo II’ is laekimg thege. Quite 
surely, these beds are, in part at least, equivalent to our Tar- 
jados Formation. 

No comparable beds appear to have been present in Cerro 
Bola or the neighboring region of Cerro Guandacol, as studied 


by de la Mota (Frenguelli, 1946, 1948). 
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CHANARES FORMATION 


Laid down on the undulate upper surface of the Tarjados 
beds are some 75 meters of lght-colored beds, mainly fine vol- 
canie tuffs, which form a striking contrast to all others in the 
area. 

The basal beds of this formation, for a few meters overlying 
the Tarjados, are somewhat variable in nature, consisting of 
dull, pale green to dark buff or pinkish tuffs in which are in- 
cluded occasional thin pebble conglomerates with fossil ver- 
tebrate scraps and _ silicified plant materials, random beds of 
abundant limestone nodules with major diameters of up to 30 
centimeters, and various compact nodular lenses composed of 
coarse sands, limestone, and chert, cemented into resistant masses 
of up to 8 meters in horizontal extent. 

A short, if variable, distance above the base, the sediments be- 
come light-colored fine grained tutfs, with a somewhat bluish 
tinge, particularly in the lower part of the formation. They are 
well stratified; possibly aeolian, possibly, in part at least, lacus- 
trine. With one exception, all of the numerous vertebrate fossils 
found in the Chanares were from the lowest 10 meters or so of 
the formation. A fraction of them were found directly embedded 
in the stratified tufts; a large proportion, however, were found 
in grey-brown concretions which in many areas are abundant 
at this level; these consist of coarser tuffs, infiltrated by calcite 
and secondary silica.! These are flattened spherical structures, 
often with irregular outlines, and vary trom 0.3 to 2.5 meters in 
diameter. In some areas they appear to be lacking in fossil 
content; in others (notably in the most northwesterly portion 
of the area of Chanares exposure) nearly every concretion con- 
tains reptilian material, sometimes with all or parts of two or 
three individuals in a single coneretion. The remains are not 
always restricted to the limits of the concretion, and parts of a 
skeleton may extend into the surrounding stratified tuffs. 

Above the fossil-bearing portion of the Chanares, the beds are 
nearly pure white in color, with a white coneretionary zone well 
toward the top which tends to produce vertical cliffs. 

At their top, the Chafiares tuffs are followed without any un- 
conformity by the beds here assigned to the Los Rastros Forma- 
tion. 


1 We wish to thank Dr. Raymond Siever for studying samples of Chatares Tor- 
mation sediments. 
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A main series of outcrops of the Chanares beds, somewhat 
interrupted by faults, follows the base of the Los Rastros For- 
mation from the northwest part of the Rio Chanares drainage, 
eastward and southward to the Rio Gualo just beyond the point 
where it leaves the Plano del Gualo; faulting has caused the 
series to appear again to the eastward of this line, well up the 
courses of both the Rio Chanares and Rio Gualo. 

Because of lack of unconformity, it would be possible to con- 
sider the Chanares beds a basal member of the Los Rastros. We 
believe, however, that they merit distinction as a separate forma- 
tion, because of their distinctive lithology and because of their 
paleontological importance. I find in the available literature no 
description of Triassic beds which correspond at all closely to 
those of the Chanares. Presumably they may be equivalent to 
some portion of the sediments classed in other areas as part of 
the Ischichuca Formation (and which are presumably part of 
the Los Rastros Formation, as here defined). Our Chanares beds 
do not, however, compare with the basal part of the Ischichuea 
in the Rio de la Pena region as deseribed by Frenguelli (1948, 
p. 191 and fig. 29) on the basis of data furnished him by 
Ramaecioni, or as described by Heim (1949), nor do they com- 
pare closely with any part of the Ischichuca Formation in the 
type region of that formation, as described by Frenguelli (19-48, 
pp. 200-208) mainly on the basis of de la Mota’s unpublished 
work. 

Future study of the fauna will presumably give evidence as to 
the age of the Chanares Formation. As seen in the field, the 
material suggested a somewhat later evolutionary stage than that 
seen in the Cynoguathus Zone of South Africa. This zone seems 
certainly to be of early Triassic, Scythian, date (Watson, 1942, 
Lehman, et al., 1959). Henee the Chanares may be considered 
as either late Scythian or more probably Anisian in age. 


LOS RASTROS FORMATION 


The beds which we here inelude in the Los Rastros Formation 
occupy a considerable area in the lower parts of the Rio 
Chanares and Rio Gualo valleys east of the point at which these 
rivers debouch into the Campo de Talampaya. Over a large part 
of this area, however, these beds are covered by sand dunes, and 
they are variably tilted due to faulting. .\ further exposure of 
some extent is present, due to faulting, north of the main chan- 
nel of the Rio Gualo near the east edge of the mapped area. 
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The conformable contact between the Los Rastros and the under- 
Ivine Chanares Formation is exposed over very considerable 
areas; on the other hand, a Los Rastros-Ischigualasto contaet is 
visible only in the section seen in the Arroyo de Agua Escondida. 
Here the thickness of the formation is 216 meters (as contrasted 
with an estimated thickness of 600 meters for the combined Los 
Rastros-Ischichuea in the western part of the basin). 

In general, the Los Rastros sediments consist of brown and 
tan sandstones interbedded with shales and clays, of various pale 
colors, and carbonaceous layers. Lack of continuous exposures 
due to sand dune coverage, and difficulty of correlation between 
various areas due to faulting and variable tilting, make it diffi- 
cult to give a general description; it seems, however, certain 
that there is considerable variation in the beds from one region 
to another. Even over a short distance, such variations can be 
seen in the thickness of sandstone members. In some regions the 
sandstones are very prominent, in others— notably in the 
drainage of the south fork of the Rio Chanares — shales and 
clays dominate; in this area, for example, shale and clay beds 
may reach a thickness of 30 meters or more without intercalation 
of any sandstone. There are a number of carbonaceous layers 
of variable thickness. Some of them apparently persist over a 
considerable portion of the mapped area; these contain abundant 
plant materials. In a zone in the upper portion of the formation 
there are several widespread beds of haematite which range in 
thickness from 2 to 10 centimeters. Occasional ironstone con- 
eretions in these layers contain fossil plant or fish remains of 
poor quality. In the upper Gualo area most of the beds in the 
formation appear to be thinner than they are farther to the west, 
sugeesting (together with a relatively high ratio of sandstones to 
clays) a region of marginal deposition. On the south side of the 
Rio Chafares canyon, near its mouth, there is a notable display 
of a eyclical type of deposition which appears to be to some 
degree characteristic of the formation as a whole. Here four 
eycles can be seen, each consisting, in order from top to bottom, 
of sandstones, sandy shales, carbonaceous shales, and clays, fol- 
lowed below by the sandstone of the next cycle. These cycles 
have thicknesses of 10 to 25 meters. 

In the northwestern part of the Talampaya Basin, de la Mota 
has distinguished an Ischichuea Formation; Heim (1949), in his 
description of the Rio de Ja Pena region, somewhat arbitrarily 
divides the carbonaceous beds lying between the Ischigualasto 
Formation above and the redbeds below into the Ischichuea and 
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Los Rastros formations. This is also done by Frenguelli (1948) 
who, it seems, was personally familiar only with the upper por- 
tion of the Los Rastros Formation in the Cerro Bola region. [ 
am informed that current belief is that the whole series of 
carbon-bearing beds in the La Pena region should be considered 
a single unit, the Los Rastros Formation. We likewise see no 
reason why the similar (and much thinner) beds in our area of 
interest should not be considered a unit, although, as mentioned 
earlier, the underlying Chanares Formation may be in some 
fashion equivalent to part of the Ischichuea. 


ISCHIGUALASTO FORMATION 


In the western portion of the Talampaya basin, the Ischi- 
eualasto Formation is extensively exposed; it was deseribed in 
some detail by IFrenguelli in 1948, and has become well known 
through the discovery in it of an abundant vertebrate fauna. 
On the east side of the basin, however, it is seen only in the 
walls of the Arroyo de Agua Escondida: here the [schigualasto 
is present in proper sequence between the Los Rastros and Los 
Colorados Formations, the beds tilted at an angle close to the 
vertical. Presumably they continue to the north, in the valley in 
which the Rio Gualo flows northward for some distance east of 
the ridge formed by the Los Colorados. It can be assumed that 
this valley formed because the lack of resistant layers in the 
Ischigualasto beds resulted in ereater erosion of them than of 
the sandstones of the Los Colorados; there is no Ischigualasto 
exposure here, due to a covering by Recent materials. In con- 
trast to the much greater thickness, of perhaps 400-500 meters. in 
the Ischigualasto Valley, the beds as measured in the Arroyo are 
only 175 meters thick. We found no fossils in the limited avail- 
able exposures. The sediments, however, compare closely with 
those in the type area, except that there is an almost complete 
absence here of the resistant sandstone layers encountered at 
intervals in the type area. As at Ischigualasto, the beds contain 
pale purple, grey, and tan joint-clays interbedded with pale ma- 
roon, green, and yellow siltstones. Two or three thin beds of 
nodular limestone are present, one of which includes some 
poorly preserved plant material. 

Below, there is a sharp contrast between the Ischigualasto 
sediments and the interbedded hard sandstones and shales of the 
Los Rastros Formation. Above (as in the Ischigualasto Valley) 
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there is, over a short vertical distance, a transitional zone be- 
tween the Ischigualasto Formation and the overlying Los Colo- 
rados of interbedded sands and silts grading in color from greys 
and vellow-tans into dull reddish brown. It was apparently such 
transitional beds, between Cerro Morado and the southern end 
of the Los Colorados in the Ischigualasto Valley, which led 
Bodenbender (1911) to insert a ‘‘Jurassic’’ phase into his se- 
quence in that region (‘‘perfiles III y IV”’ and p. 97). 

As noted in the previous paper in this series, the fauna of the 
Ischigualasto Formation is essentially Middle Triassic; it is, 
however, difficult to determine whether it should be considered 
as parallel to the Ladinian or to the Carnian of the marine 
Triassic sequence. 


LOS COLORADOS FORMATION 


The massive red sandstones which bound the Ischigualasto 
Valley to the east and form a nearly continuous range of hills 
along the western side of the Campo de Talampaya were termed 
the Estratos de Gualo by Frenguelli (1948, pp. 170-174), on 
the assumption that the red sandstones formine the Mogote del 
Gualo were of similar age. However, this is not the ease, as was 
pointed out by de la Mota to Groeber and Stipanicic; at his 
suggestion, they renamed these sandstones the Los Colorados 
Formation (1958, p. 88). In contrast to the prominence of the 
Los Colorados on the western side of the Campo de Talampaya, 
their exposure on the eastern side is limited to a low ridge ex- 
tending only from the Arroyo de Agua Escondida north to the 
point where the Rio Gualo debouches onto the plain. As seen at 
the Arroyo de Agua KEscondida, the Los Colorados sandstones 
are almost vertical. Only 95 meters of sediments are present; 
they are immediately followed by Tertiary deposits having an 
angular discordance of about 20°. Since the thickness here is 
much less than in the Ischigualasto region across the campo, it 
seems certain that much of the thickness of the formation was 
eroded at some time before the deposition of the Tertiary, and 
that it is only the basal portion of this sandstone series that is 
preserved. The beds consist of soft, dull red sandstones inter- 
bedded with silts and clays of the same color. One thin but re- 
sistant layer of lime nodules forms the highest portion of the 
ridge. 

Bodenbender (1911), for no strong reason, considered these 
redbeds to be Cretaceous in age — ‘‘Cretacea superior andina.’’ 
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Their earlier age was recognized by later authors; Freneuelli 
assigned them, together with still lower formations, to the Rhae- 
tie (1948, p. 302), and Groeber and Stipanicic likewise con- 
sidered them as Rhactic in 1953. No fossils have been described 
from these beds; however, Sr. Bonaparte of the Instituo Lillo 
of Tucuman has recently discovered dinosaur remains of Upper 
Triassic type in the Los Colorados beds on the west side of 
the Campo de Talampaya. It thus seems reasonable to compare 
them in general with other redbeds, generally considered Norian, 
which conelude the Triassic series in various other parts of the 
world, such as the redbeds of South Africa, the Lufent series 
of China, the Upper Keuper of Europe. and part, at least, of the 
North American Triassic redbeds. 


TERTIARY 


Bodenbender (1911, perfil ITT, ete.) assumed, apparently be- 
cause the red Los Colorados sediments appear on both margins 
of the Campo de Talampaya, that these rocks directly underlay 
the Campo. This is not the case. At the mouth of the canyon 
of the Arroyo de Agua Escondida there is seen a thick series 
of Tertiary sediments to the west of the Los Colorados which are 
not merely turned, like them, into a vertical position, but are 
even overturned bevond the vertical to about 20° as a result of 
major late Tertiary or Pleistocene diastrophism. If there is 
any continuity between the Los Colorados on the two sides of 
the campo, this must be at a considerable depth. We have not 
studied these Tertiary sediments, which, like those of the Loma 
de los Loros farther north, are presumably of the sort cus- 
tomarily termed ‘‘ Estratos Calehaquenos.’’ 


ERUPTIVE ROCKS 


In the northwestern part of the Permo-Triassi¢ basin, voleanic 
rocks are prominent. De la Mota, for example, in his unpub- 
lished works on Cerro Bola describes thick intrusions of mela- 
phyrite; Freneuelli (1944a) likewise deseribes similar intrusions 
in the sediments of Cerro Guandacol: and farther to the south 
on the western basin margin, Cerro Rajado owes its name to 
its partial bisection by a conspicuous but eroded dyke; still fur- 
ther eruptives are present in the Cerro Morado area. In the 
area here studied, in contrast, there are few evidences of such 
activity, but there are present three dykes: 
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(1) In the southwestern portion of the mapped area there 
appears a dyke, running in an ENE direction, which forms a 
notable elevation, the Mogote de Agua Escondida; a lesser ele- 
vation lies just to the east of this and, following a gap, two fur- 
ther exposed seetions lhe in the Plano del Gualo. The dyke is 
composed of green crystalline material which is less resistant to 
erosion than the metamorphosed sediments immediately adjacent. 
The Agua Escondida is not a true spring, but a catch-basin for 
water in the hollow formed in the dyke by erosion in the low 
spot between the mogote and the lesser elevation to the east of it. 
Part way up the side of the mogote there adheres a mass of 
modified sedimentary rock ineluding a portion of the contact 
between the Talampaya and Tarjados formations, thus giving 
a maximum date for dyke formation. However, the mogote is 
capped by a basalt-like rock, dense, brown in color, and giving a 
conchoidal fracture, indicative of its extrusive nature and sug- 
gesting the formation of the dyke posterior to erosion of 
higher, Triassic sediments in the basin, presumably in Tertiary 
times. 

(2) In the northeastern portion of the Gualo Basin shown in 
our map are modest exposures of a SW-NE trending dyke pene- 
trating Los Rastros sediments. 

(3) Along a high divide between the Gualo and Chanares 
drainages, a few kilometers east of the Campo de Talampaya, are 
two vonspicnous peaks, close together, and rising abruptly about 
100 meters above the Los Rastros beds at their bases, which may 
be termed Los Mogotes Mellizos. These have superficially the 
appearance of volcanic plugs, but seem to be in reality portions 
of a dyke. The upper portion of the intrusive material, appar- 
ently basaltic in nature, contains considerable fragments of 
sedimentary rocks apparently originating in surrounding beds. 
The baking of the sediments about the base of the dyke is not 
extensive; the situation as a whole suggests that little if any ex- 
trusive surface action occurred. 
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